In this work, we investigate the Higgs-boson production processes e + e − → ZH, e + e − → ν eνe H and e + e − → e + e − H in the littlest Higgs model with T-parity(LHT). We present the production cross sections, the relative corrections and some distributions of the final states. We find that the relative corrections of the three production channels are negative and each of them can maximally reach −13% for √ s = 500 GeV when the scale f is chosen as low as 500 GeV.
INTRODUCTION
In the Standard Model (SM) [1] , the Higgs mechanism [2] leads to the prediction of the Higgs boson. The Higgs boson is an excitation of the Higgs field, which is an essential ingredient and will provide direct evidence for the mechanism of spontaneous symmetry breaking. The SM without the Higgs boson is incomplete since it predicts massless fermions and gauge bosons. However, the direct detection of Higgs boson is difficult because it couples most strongly to the heaviest available channels which will cascade into complicated multiparticle final states. On the 4th of July 2012, after a long wait and even generations of immense efforts by thousands of scientists, CERN announced that both the ATLAS [3] and CMS [4] experiments had discovered a new Higgs-like boson, which was a historical event for high-energy physics.
The Large Hadron Collider(LHC) experiments will determine various properties of the Higgs boson, up to now, most measurements of this new particle are consistent with the SM prediction. This corners the new physics that affects the Higgs couplings to a decoupling region [5] . Due to the clean environment, the complete profile of the Higgs boson can be precisely studied at an electron-positron linear collider [6] . In e + e − collider, there are two main production mechanisms for the SM Higgs boson: Higgs-strahlung and W W -fusion. Compared with W W -fusion, the cross section for the similar ZZ-fusion process is suppressed by one order of magnitude. These processes have been studied at e + e − , eγ and γγ modes in the context of the SM [7] and the new physics models [8] .
As an extension of the SM, the littlest Higgs model with T-parity(LHT) [9] In this section, we only review the LHT model related to our calculations. For more details, one can refer to Refs. [11] .
The LHT model was based on a non-linear σ model describing an SU(5)/SO(5) symmetry breaking, with the global group SU(5) being spontaneously broken into SO(5) by a 5 × 5 symmetric tensor at the scale f ∼ O(TeV). (5) is gauged and the gauge fields W a iµ and B iµ (a = 1, 2, 3, i = 1, 2) are introduced. In this model, the action of T-parity on the gauge fields and scalar sector are defined as:
where Ω = diag(1, 1, −1, 1, 1). The T-odd and T-even gauge fields can be obtained as
The electroweak symmetry breaking SU(2) L × U(1) Y → U(1) em takes place via the usual Higgs mechanism. The mass eigenstates of the gauge fields are given by
where θ W is the usual Weinberg angle and θ H is the mixing angle defined by
where v SM ≃ 246 GeV is the SM Higgs vacuum expectation value (VEV).
To implement T-parity in the fermion sector, it requires the introduction of the mirror (2) 2 gauge symmetry, a doublet under SU(2) 1 and one under SU (2) 2 are introduced. The T-parity even combination is associated with the SM SU(2) L doublet while the T-odd combination is given a O(f ) mass.
In order to avoid dangerous contributions to the Higgs mass from one-loop quadratic divergences, the third generation Yukawa sector must be modified. One must also introduce additional singlets t ′ 1R and t ′ 2R which transform under T-parity as
so the top sector masses can be generated in the following T-parity invariant way
For the other quarks, it will not be necessary to modify the Yukawa Lagrangian as in the top sector since their Yukawa coupling is at least one order of magnitude smaller.
Therefore we do not need to introduce additional singlets for the remaining up-type quarks and the Yukawa coupling is accordingly given by
For the down-type quarks, we can construct the Yukawa interaction to give them masses in the following way:
In our calculations, the Hbb, HZZ and HW W coupling involved will be different from the SM coupling, which are given by
where
. Although the differences occur at the order O(v 2 /f 2 ), their
contributions cannot be ignored because they appear at the lowest-order.
III. CALCULATION AND NUMERICAL RESULTS
In the LHT model, the lowest-order In our numerical calculations, the SM parameters are taken as follows [12] G F = 1.16637 × 10
m e = 0.51MeV, m µ = 105.66MeV, m τ = 1776.82MeV.
There is only one LHT parameter, the breaking scale f , in our calculation. Considering the constraints in Refs. [13] , we choose the relatively relaxed parameter space and vary the scale in the range 500 GeV≤ f ≤ 1500 GeV.
In Fig.2(a) , we show the dependance of the production cross section σ on the centerof-mass energy √ s for the scale f = 1000 GeV in the LHT model. We present ZH, ν eνe H and e + e − H production channels, respectively. We can see that the ZH production cross section dominates at low center-of-mass energies, the corresponding cross section increases sharply at the threshold and then decreases with the center-of-mass energy in proportion to 1/s. The region of cross section maximum is around 240 ∼ 250 GeV and the maximum value can reach about 230 fb. The ν eνe H and e + e − H production cross section increases with the center-of-mass energy in proportion to log(s/m 2 H ) and hence becomes more important at energies √ s ≥ 500 GeV.
After the discovery of the Higgs-like boson at the LHC, in order to study the properties of this new particle with high precision, many schemes of the so-called Higgs factory have been proposed [14] . For example, the proposed LEP3 or China Higgs Factory (CHF) with a center-of-mass energy 240 GeV, the TLEP with a center-of-mass energy 350 GeV, the ILC with a center-of-mass energy 500 GeV, and so on. In Tab.I, we display the lowestorder dominant Higgs boson production cross section in the LHT model for different Higgs factories. In Fig.2(b) , we show the dependance of the relative correction δσ/σ on the scale f for the center-of-mass energy √ s = 500 GeV. We present the relative correction δσ/σ of ZH, ν eνe H and e + e − H production channels, respectively. We can see that the relative correction δσ/σ decreases with the scale f increasing, which means that the correction of the LHT model decouples with the scale f increasing. For the three production channels, the relative corrections δσ/σ are all negative and each of them can maximally reach −13% when the scale f = 500 GeV. Moreover, we can see that the behaviors of the three production channels are similar due to the similar LHT correction to the HZZ and HW W couplings.
By exploiting the HZ → Xl + l − channel, the e + e − → ZH production cross sections at √ s = 350 GeV with an integrated luminosity of 500 fb −1 can be measured with statistical errors of 2.6 ∼ 3.1% for Higgs-boson masses from 120 to 160 GeV [15] . If the center-ofmass energy is upgraded to 500 GeV at a linear e + e − collider, this will allow to measure the Higgs production cross sections at the level of a few percent [16] . So, the LHT effects can be tested at the future e + e − colliders with a high luminosity. and e + e − → ν eνe H followed by the subsequent H → bb(b).
In Fig.4 , we show the distributions of the production process e + e − → ZH for √ s = 500
GeV, f = 600 GeV. We choose the e + e − → ZH → ν lνl bb(l = e, µ, τ ) as the final states and the relevant Feynman diagram is shown in Fig.3(a) . We display the separation between the two b-jets from Higgs boson (∆R bb ≡ (∆φ) 2 + (∆η) 2 ), the missing energy E T , total transverse energy H T and the transverse momentum p b T of di b-tagged jets in the LHT and the SM, respectively. We can see that the peak of the ∆R bb is at ∆R bb ∼ 1, the peak of the missing energy is at E T ∼ 220 GeV, and the peak of the total transverse energy is at H T ∼ 440 GeV. The transverse momentum p b T for the two b-jets is different, one peak is at p b1 T ∼ 130 GeV and the other peak is at p b2 T ∼ 20 GeV. In Fig.5 , we show the distributions of production process e + e − → ν eνe H for √ s = 500
GeV, f = 600 GeV. We choose the e + e − → ν eνe H → ν eνe bb as the final states and the relevant Feynman diagrams are shown in Fig.3(b) . We display ∆R bb , E T , H T and p b T in the LHT and the SM, respectively. We can see that the peak of the ∆R bb is at ∆R bb ∼ 3, which means that the two b-jets incline to fly back-to-back. The peak of the missing energy is at E T ∼ 50 GeV, and the peak of the total transverse energy is at H T ∼ 160
GeV. The transverse momentum p b T for the two b-jets is different, one peak is at p b1 T ∼ 70 GeV and the other peak is at p b2 T ∼ 40 GeV. From Fig.4 and Fig.5 , we can see that the behaviour of the relevant distributions in T distributions of e + e − → ν eνe H in the LHT and SM through the production of e + e − → ν eνe H → ν eνe bb for √ s = 500 GeV, f = 600 GeV.
the LHT model is similar to that in the SM, and the LHT correction can obviously reduce the SM differential cross section at around the peak.
IV. SUMMARY
In this paper, we studied the single Higgs-boson production at e + e − colliders in the LHT model. The main production channels, such as e + e − → ZH, e + e − → ν eνe H and e + e − → e + e − H, have been taken into account. We calculated the production cross section and the relative correction at the tree level. We found that the relative correction of these production channels can all maximally reach −13% for √ s = 500 GeV when the scale f = 500 GeV is chosen, which is large enough for people to detect the LHT effects at the future e + e − colliders. In order to investigate the observability, some final state distributions of the production processes were presented.
